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Abstract:
The Gamma-Ray and AntiMatter Survey (GRAMS) project is a proposed next-generation balloon/satellite
mission targeting both MeV gamma-ray observations and antimatter-based dark matter searches. A cost-
effective, large-scale Liquid Argon Time Projection Chamber (LArTPC) detector technology will allow
GRAMS to have a significantly improved sensitivity to MeV gamma rays while extensively probing dark
matter parameter space via antimatter measurements.
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Project Overview:
The Gamma-Ray and AntiMatter Survey (GRAMS) is a novel telescope that uses advanced technol-
ogy to simultaneously target both astrophysical observations with MeV gamma rays and an indirect dark
matter search with antimatter1 . The project targets measurements in the MeV-scale energy range, where
astrophysical observations are sparse, and where new measurements would be valuable to the astrophysics
and astronomy communities2. The GRAMS detector configuration also offers sensitivity to antiparticles
from dark matter annihilation or decay. In particular, low-energy antideuterons can provide essentially
background-free dark matter signatures while uniquely exploring dark matter parameter space3–7.
GRAMS will make use of a novel detector technology—that of a liquid argon time projection chamber
(LArTPC)8. The GRAMS detector is cost-effective, considering that argon is both naturally abundant and
low-cost, which allows a large-scale detector to be deployed, unlike previous and current experiments with
semiconductor or scintillation detectors. A LArTPC detector provides three-dimensional particle tracking
capability by measuring ionization charge and scintillation light produced by particles entering or created
in the argon medium. This technology is currently in use for and under continued development by the neu-
trino and direct dark matter search experimental communities (see, e.g.9–13, for detectors deployed at sea
level or deep underground). The proposed research will take advantage of recent developments in detector
instrumentation to enable a LArTPC-based Compton telescope concept for high-altitude air balloon or satel-
lite deployment, and with sensitivity to both low-energy and antiparticle signals. An incoming antiparticle
stopped inside the detector can form an exotic atom with an Argon nucleus. Incoming antiparticles may be
identified through the measurements of atomic x-rays and annihilation products (such as pions and protons)
produced in the decay of the exotic atom1;14–16.
The LArTPC technology provides unique advantages over conventional Compton telescope technology,
which traditionally has made use of solid or gas detectors. Specifically, (i) gas detectors are limited in effec-
tive area, due to their low density, while (ii) detectors made of solid materials such as semiconductors (Si,
CdTe or Ge), which are often used because of their high density, are limited in active detector volume, and
thus effective area, due to necessary embedded supporting materials and readout electronics, as well as due
to scalability cost constraints. Liquid argon, being relatively inexpensive and easily sourced, evades density
as well as scalability limitations. Moreover, the LArTPC technology provides a high detection efficiency
for antimatter detection, since there is almost no dead material inside the detector, unlike semiconductor
detectors with mounting frames and pre-amps near-by.
Science Motivation:
In recent astrophysical observations, the AGILE17, Fermi18, INTEGRAL19, NuSTAR20, and Swift21
satellite instruments opened new windows to observe astrophysical phenomena in the energy domains of
hard X-rays (. 200 keV) and high-energy gamma-rays (above 100 MeV), respectively. However, gamma
rays in the MeV energy range have not yet been well-explored. COMPTEL22 onboard the CGRO satellite
launched in 1991 has produced the first catalogue of MeV gamma-ray sources, but only approximately 30
objects have been detected thus far. Since COMPTEL and INTEGRAL, scientific progress in the 0.1 to
100 MeV range, commonly known as the “MeV gap,” has been somewhat limited.
Through MeV searches, GRAMS will enable the study of energetic particle acceleration, since the tran-
sition from thermal to non-thermal physical processes occurs in the MeV energy region. These phenomena
can be seen in various celestial objects, e.g., reconnection in the Sun, magnetosphere of neutron stars, and
relativistic outflows generated by black holes, gamma-ray bursts, and so on23–27. Those class of objects
are known to have spectral features in the MeV gamma-ray band. GRAMS could also detect MeV gamma
rays associated with neutron star mergers and gamma-ray bursts28, lending itself to Gravitational Wave
Electromagnetic Counterpart (GW-EM) astrophysics.
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GRAMS also enables us to investigate the evolutionary history of the Universe. The measurement of
the cosmic MeV gamma-ray background spectrum and anisotropy tell the entire history of MeV gamma-ray
activity in the Universe29. Furthermore, some of blazars are known to be found even at very high redshift
z & 530, because they have a spectral peak in the MeV energy band, so-called MeV blazars. Through
observations of those MeV blazars, GRAMS can investigate the growth history of supermassive black hole
and their activity history in the early Universe.
The MeV range is the domain of nuclear gamma-ray lines and is perhaps the only part of the electromag-
netic spectrum where it is possible to directly observe nuclear processes. With sufficient energy resolution,
GRAMS can offer unique opportunity to directly probe nucleosynthesis processes in various astrophysical
environment such as in the Galactic Center19 and in accretion flows31. The 511 keV positron annihila-
tion emission from the Galactic Center region is still a mystery and identifying the source of positrons is
of scientific interest for the understanding of stellar explosions as well as the study of compact objects.
GRAMS will be sensitive to the 1.8 MeV gamma-ray emission line, produced by the radioactive decay of
26Al, which can be used to trace regions with massive young stars throughout the Milky Way. The energy
range of GRAMS will cover the regime of the characteristic pion bump which may be produced due to
hadronic emission processes in supernova remnants. Gamma-ray line measurements are also important for
multi-messenger astronomy, studying transient phenomena. For example, these measurements can directly
probe the r-process nucleosynthesis in neutron star mergers associated with gravitational waves32, and can
determine the explosion mechanism of type-Ia supernovae–the cosmic standard candles33;34. While this is
challenging, the study of gamma rays from galactic binary neutron star merger remnants may prove to be
possible with a next-generation instrument such as GRAMS, and can also help unresolved issues in nuclear
astrophysics. A potential detection of diffuse flux from these objects could help trace the galactic spatial
distribution of these objects over long timescales35 .
Finally, GRAMS MeV gamma-ray and antimatter measurements will provide unique opportunities to
search for dark matter candidates. In particular, the gamma-ray observations in the “MeV-gap” can provide
strong constraints on light dark matter models in the MeV mass range as well as ultralight primordial black
holes that can comprise all or part of dark matter36–38. On the other hand, antimatter measurements can
search for “conventional” dark matter models in the GeV and higher mass range, such as weakly interacting
massive particles3–5;39;40. Low-energy antiparticles, especially antideuterons, can be background-free dark
matter signatures, which will allow GRAMS to investigate the possible dark matter signals suggested in the
Fermi gamma-ray observations and AMS-02 antiproton measurements1;41–46.
Summary:
A next-generation instrument such as GRAMS could potentially be transformative in the “medium en-
ergy” gamma-ray astrophysics regime, offering a sensitive look in a band that has been long-unexplored. A
sensitive instrument in the 0.1-100 MeV band is needed that will have broad spectral coverage, wide field
of view, improved angular resolution, sensitivity to gamma-ray line emission even better than COMPTEL,
and polarization sensitivity that will enable it to measure polarization fraction in GRBs, pulsars and active
galaxies with SMBHs. The themes of scientific exploration with GRAMS will encompass radioactivity and
antimatter, cosmic-ray physics, black holes, neutron stars and pulsars, and fundamental physics topics, in-
cluding dark matter annihilation and decay. The GRAMS collaboration welcomes new members, and plans
to submit a “Whitepaper” to the Snowmass 2021 community planning process.
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